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Description 

This invention relates to a head mountable display 
according to the preamble of claim 1. 

Avery advantageous head mounted display system 
is disclosed in US-A-4, 859,030. This system utilizes a 
rather complex optical arrangement, usable In a rather 
restricted space, 1or directing light f rom a source, such 
as a cathode ray tube, to a spherical reflector from which 
the light is then reflected through a tuned optical filter 
and, as collimated rays, is directed to the eye of the pilot 
so that he sees the image at infinity combined with his 
normal field of view through the optical filter and spher- 
ical combiner. In order to make a compact display sys- 
tem with high efficiency, it is necessary to tilt it so that 
the center of curvature is not at the pilots eye since if it 
were, the light from the CRT would have to strike the 
combiner perpendicular so as to be reflected to the eye 
along the same path. This then would result in a reduc- 
tion of light from the CRT to one quarter of its intensity 
and would also reduce the light from the surrounding 
scene by fifty percent This was solved in the above 
mentioned patent by tilting the combiner so that the rays 
from the filter to the combiner were not reflected back 
to the filter along the same path and by utilizing special 
coatings oh the filter so that the amount of light lost on 
reflection at predetermined angles (those from the CRT) 
was very small but the amount of light transmitted by the 
fitter at certain angles {those from the combiner) was 
very large. Tilting of the spherical combiner did, howev- 
er, introduce additional aberrations, a tilt distortion, and 
a mapping distortion such as the "Keystone" effect 
which had to be corrected in the known apparatus with 
additional optical elements and off-center components 
to provide a distortion free view for the pilot. 

While the known system is quite satisfactory for per- 
forming all of the desired functions, the number of com- 
ponents and their off-center arrangement has made the 
system difficult to assemble and align and it is heavier 
and more costly to produce than desirable. 

Further head mountable displays where holograms 
are used as diffraciive elements are known from EP-A- 
0 288 365 and GB-A-2 006 463. Furtheron, EP-A-0 305 
096 discloses a head-up display where diffractive ele- 
ments are used to reduce the physical size of a relay 
unit. 

Finally, EP-A-0 526 067 which is published prior to 
the international filing date of the present application but 
later than the priority date claimed, discloses an optical 
display system which uses at least one diffractive ele- 
ment to counter at Iqast partially chromatic dispersion 
of the system. 

The present invention overcomes the problems with 
the prior art head mounted display by utilizing one or 
more diffractive surfaces in the optical system. These 
diffractive surfaces are shaped by known techniques to. 
correct not only for chromatic and aspheric aberration, 
but also to produce the necessary tilt and decenter func- 



tions for aberration correction arid distortion mapping 
correction, and thus may be substituted for several op- 
tical elements of the prior art apparatus and thus reduce 
the number of optical elements and eliminate off-center 
lenses therein. The diffractive surfaces are formed on 
existing surfaces of the system so as to further prevent 
an increase the number of components. 

The hybrid system of the present invention contains, 
only simple spherical lenses that are fewer in number 
and with a spherical combiner, involve ho off-axis com- 
ponents and yet which provides ail the same corrections 
as in thepriorart. When used with a spherical combiner, 
and with two diffractive surfaces, the number of lenses 
can be reduced from eight, some of which are non- 
spherical and/or non-centered, as seen in the above 
mentioned patent, to seven centered spherical lenses, 
thus making alignment and assembly of the system 
much easier. Further reductions in number of compo- 
nents is obtainable by using a non-spherical (e.g. ellip- 
tical) combiner which suffers no astigmatism from the 
combiner and only four lenses are then needed but, al- 
though none of the lenses are aspheric, two of the lens- 
es are now decentered: 

Use of diffractive surfaces in ^optical systems is 
known in the prior art. For example, "Head Up Displays" 
have employed diffractive elements, usually in combi- 
nation with the combiner therein so as to act as an op- 
tical filter and/or focusing and col limating means. Dif- 
fractive surfaces have also been used in telescopes to 
correct for chromatic and spherical aberrations but nei- 
ther head up displays nor telescope systems require the 
very close tolerances and small available space en- 
countered in head mounted systems and the design 
concepts cannot normally be interchanged. Further- 
more, there has heretofore been no optical systems 
which have employed diffractive surfaces to remove tilt- 
ed and decentered optical elements or to correct for dis- 
tort ran rhapping such as the Keystone effect: 

A more complete understanding of the invention will 
be obtained upon an examination of the following spec- 
ification and claims read in connection with the attached 
drawings, where 

Fig. 1 shows a system utilized in the prior art; 
Fig. 2 shows the present invention utilizing a spher- 
ical combiner, and 

Fig. 3 shows the apparatus of the present invention 
utilizing an elliptical combiner. 

The helmet mounted display of Fig: 1 is like that 
shown in the above-referred to US-A-4, 859,030. in this 
system, an image from a cathode ray tube surface 12 
passes through an optical relay system 1 4 to a spherical 
combiner surface 1 6. More particularly, light rays from 
the optical relay system 14 is reflected from a tuned filter 
18, which may be like that of the US patent, and then to 
the combiner 16 for reflection back through the filter 18 
and are focused on the eye of a pilot 20. For simplicity, 
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the light rays are shown as three principal rays 2i, 22 
and 23 passing through the system: The rays 21, 22 and 
23 emerge Irom the filter 1 8 as collimated wavetronts to 
produce an image of the CRT surface 12 at infinity so 
as to superimpose this image with the image of the sur- s 
rounding scene being viewed by the pilot 20 through the 
combiner 16 and the filter 18. 

It is seen in Figure 1 that the combiner 16 is tilted 
so that the optical axis of the eye and combiner are not 
collinear which allows the rays 21, 22 and 23 coming 
from the relay optics 14 to reflect off of filter 1 8 at differ- 
ent angles of incidence than the rays from combiner 16 
and allow greater amounts of light for both the CRT im- 
age and the scene image by tuning the filter 18 as de 
scribed in the US patent. As explained, however, this 
produces tilt errors, decentering and distortion mapping : 
which must be corrected. Accordingly, the optical relay 
system 14 consists often optical elements, eight of 
which are lenses and that several of these lenses are 
. non -spherical and/or off-centered. Each of the lenses 
and combinations of lenses performs a function such as 
correcting for chromatic aberation, correcting for as- 
pheric aberration, producing the required tilt and de- 
centering corrections, and for correcting distortion map- 
ping. It is also seen that the number of elements pro- 
duces a rather complex system which, it has been 
found, is difficult to assemble and align, and adds greatly 
lb the weight and cost of the helmet mounted display. 

Fig. 2 shows the present invention utilizing a sim- 
plified optical relay system 24 in combination with the 
spherical combiner 1 6 and the filter 1 8 to focus an image 
from the surface 12 of the CRT on the eye of the pilot 
20 as was the case in Fig. 1. Again in Fig. 2, only three 
principal light rays 26, 28, and 30 are4hown. Since the 
combiner 1 6 is spherical, it must be tilted and the rays 
26, 28 and 30 passing from the cathode ray tube 12 to 
the eye of pilot 20 must be corrected for chromatic ab- 
errations, spherical aberration, decentering, distortion 
mapping and tilt correction. Accordingly, in the present 
invention, diffraction surfaces shown as dashed lines 40 
and 42 are introduced on two surfaces which for exam- 
ple may be the planar surfaces of two of the presently 
existing lenses. Diffraction surfaces 40 and 42 may be 
made by Binary Optic Microlithography, by diamond 
turning or any other suitable method and are shaped to 
counter balance the effects of the aberrations and er- 
rors. The image formed is, like that of Figure 1 , at infinity 
so that the pilot observes the image along with the image 
of the scene he sees through the filter 18 and spherical 
combiner 16. It is seen that the optical system of Fig. 2 
has reduced the number of optical elements involved to 
nine, only seven of which are lenses and all of which are 
spherical and coaxial. This has been made possible by 
utilizing the two diffractive surfaces 40 and 42 which per- 
form the same function and replace several of the lenses 
of Figure 1. 

Fig. 3 shows a yet simpler system utilizing an ellip- 
tical combiner 46, which is somewhat more difficult to 



fabricate than a spherical combiner. In Fig. 3, the optical 
system 54 transmits an image from the surface of cath- 
ode ray tube 12 along paths such as shown by reference 
numerals 55, 56 and 57 through three spherical lenses, 
one prism and one reflecting surface to the fitter 18 and 
then to the elliptical combiner 46 for reflection back 
through the filter 18 to the eye of pilot 20. In Fig. 3, two 
diffractive surfaces shbwn as dashed lines 58 and 59 
are again used with each being formed on one surface 
of already existing lens within optical system 54. The 
diffractive surfaces 58 ancr59 are again formed to cor- 
rect for the aberrations and for the tilt, decentering and 
mapping distortions as was the case in Figure 2. 

As before, three principle light rays 55, 56 and 57 
are shown passing from the cathode ray tube surface 
12 through the optical system 54 to be reflected from 
the filter 18 to the elliptical combiner 46 and then back 
through the filter 18 to be focused on the eye of the pilot 
20 as an image at infinity so as to be combined with the 
view seen by the pilot through the filter 18 and combiner 
46. • V- _ v. 

With an elliptical combiner the on-axis field point 
suffers no astigmatism from the combiner. Because the 
elliptical combiner can have the eye of the pilot 20 at 
one of the ellipse's foci, the astigmatism caused by tilting 
the combiner is substantially eliminated thus reducing 
the h umber of optical components even without the dif- 
fraction surfaces. With the diffraction surfaces 58 and 
59, the system is simplified further to one having only 
three lenses all of which are spherical and centered. 
Thus the system of Figure 3 although invoJving a more 
difficult combiner to fabricate, yields a great weight re- 
duction and, in addition, provides a better performance, 
a larger exit pupil, and is a very simple centered optical 
train compared to the conventional design of the prior 
art. - . •-< ' 

It is thus seen thai we have provided an improved 
helmet mounted display which is at least as satisfactory 
as the prior art in performance and yet provides the per- 
formance with reduced number of optical elements to 
save on weight, alignment and cost: 

Many changes and alterations will occur to those 
skilled in the art. For example, while two diffractive sur- 
faces have been shown in connection with the preferred 
embodiments, one such surface may be satisfactory in 
some cases and three or more surfaces may be used 
to further refine the optics. Also, although shown in con- 
nection with the helmet mounted display of the Rotier 
patent, it may also find utility in other head mounted dis- 
plays such as goggles. Accordingly, I do not wish to be 
limited to the disclosures used in connection with the 
preferred embodiments but intend only to be limited by 
the following claims. 



1 . A head mountable display which is corrected for ab- 
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errations and distortions in the image viewed by an 
observer (20), comprising: 

an image source (12);. 
a reflective image combiner (16,46); 
- a relay optical system (24,54) for transmitting 
the image from the source (12) to the combiner 
(16,46); and ■ ; 

means for mounting said image source (1 2), 
said image combiner (1 6,46) and said relay op- 
tical system (24) to the head of the observer 
(20), characterized in that said relay optical 
system (24,54) includes at least one diffractive 
surface (40,42,58,59) for correction of aberra- 
tions and distortions, and in that said at least 
one diffractive surface (40,42,58,59) is formed 
on a lens of said relay optical system (24). 

Display according to claim 1. wherein the image 
combiner (1 6) is spherical and tilted so that the cent- 
er of curvature is not at the observers eye. 



3. Display according to claim 1 wherein the combiner 
(16) is elliptical. 

4. Display according to claim 2 or 3 wherein the image 
combiner (16) is partly transparent so that the ob- 
server (20) can see the surrounding scene there- 
through corribined With an image from said image 
source (12). , 

5. Display according to claim 1 having a second dif- 
fractive surface (40,42;58,59) being formed on a 
lens. 

6. A method of correcting aberrations and distortions 
in the image viewed by an observer (20) in a head 
mountable display containing an image source (1:2), 
a reflective image combiner (16,46) which is partly 
transparent so that the observer (20) can see the 
surrounding scene therethrough combined with an 
image from said image source ( 1 2), and a relay op- 
tical system (24,54) comprising a plurality of lens 
elements, characterized by the step of: 

diffracting light on a diffraction grating 
(40,42,58,59) formed on the surface of at least 
one lens element of said relay optical system 
(24,54). 



PatentansprGche 

1. Am Kopf montierbares Display, welches fur Aberra- 
tion en und Verzeichnungen in dem durch einen Be- 
obachter (20) betrachteten Bild korrigiert ist, auf- 
weisend: 
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eine Bildquelie (12); 

einen reflektierenden Bildkombinierer (16,46); - 
ein optisches Relaysystem (24,54) zur Ubertra- 
gung des Bildes von der Quelle (12) zu dem 
Kombinierer (16,46); und 
Mittel zur Anordnung der Bildquelle (12), des 
Bildkombinierers (16,46) und des optischen 
Reiaysystems (24) an dem Kopf des Beobach- 
ters (20), dadurch gekennzeichnet, daB das 
optische Relaysystem (24,54) wenigstens eine 
beugende Cfoerflache (40,42,58,59) f Or die 
Korrektur der Aberrationen und Verzeichnun- 
gen aufweist und daB die wenigstens eine beu- 
gende Oberflache (40,42,58,59) auf einer Lin- 
se des optischen Reiaysystems (24) gebildet 
ist. 

2. Display nach Anspruch 1, wobei der Bildkombinie- 
rer (16) spharisch fet und geschwenkt ist, so daB 
sich das Zentrum der Biegung njcht im Auge des 
Beobachters befindet. 

3. Display hach Anspruch 1, wobei der Kombinierer 
(16) elliptisch ist. 

4 Disptey nach Anspruch 2 Oder 3, wobei der Bild- 
kombinierer (16) teilweise transparent ist, so daB 
der Bebbachter (20) die- umgebende Szene durch 
ihn kdmbiniertmiteinem Bild vonderBildquelle (12) 
seheh kann. 

5. Display nach Anspruch 1, mit einer zweiten beu- 
genden Oberflache (40,42;58,59), die auf einer Lin- 
se gebildet ist. 

6. Verfahren zur Korrektur von Aberrationen und Ver- 
zeichnungen in dem durch einen Beobachter (20) 
in einem am Kopf montierten Display betrachteten 
Bild mit einer Bildquelle (12), einem reflektierenden 
Bildkombinierer (16,46), welcher teilweise transpa- 
i rent ist, so daB der Beobachter (20) die umgebende 
Szene kombiniert mit einem Bild yon der Bildquelle 
(12) sehen kann und mit einem optischen Relaysy- 
stem (24,54), das men re re Linsen element e u.mfaBt, 
gekennzeichnet durch den Schritt; 

Beugung des Lichtes auf einem Beugungsgit- 
ter (40,42,58,59), das auf der Oberflache we- 
nigstens eines Lihsenelementes deb optischen 
Reiaysystems (24,54) gebildet ist. 



Revendicat ions 

55 1 . Systeme d'affichage pouvant §tre monte sur la tete 
qpi est corrige sur le plan des aberrations et des 
deformations dans Timage observee par un pbser- 
vateur (20); comportant : 
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une source damage (12) ;. 

un dispositif de combinaison d' image reflechisr 

sant(16, 46); . 

un systeme de relais optique (24, 54) destine a 
transmettre les images provenant de la source 5 
(12) au dispositif de combinaison d'image (16, 
46); et 

des moyens destines a mbhter ladite source 
d'image (12), ledit dispositif de combinaison. 
d'image (16, 46) etledit systeme de relais op- n> 
tique (24) sur la tete de Tpbservateur (20), ca- 
racterise en ce que ledit systeme de relais op- 
tique (24, 54) comprend au moins une surface 
de diffraction (40, 42, 58, 59) destined a la cor- 
rection des aberrations et des deformations, et is- 
en ce que au moins ladite surface de diffraction 
(40, 42, 58, 59) es^t formde sur une lentille dudit 
systeme de relais optique (24). 

2. Systeme d'affichage sejon la revendfcatiori 1 , dans 20 
lequel le dispositif de combinaison d'image (16) est 
sphe>ique et incline de telle sorte que le centre de 
pourbure n'est pas au niveau de I'oeil de Tobserva- 
teur. 

' . • ' 2 ? 

3. Systeme d'affichage selon la revendicatibn 1, dans 
lequel le dispositif <Je combinaison (16) est ejlipth 
que. 

4. Systeme d'affichage selon la revendicatibn 2 ou 3, 30 
. dans iequel le dispositif de combinaison d'image 

(16) est partiellement transparent de sorte que i'ob- 
servateur (20) peut voir la scene environnante com- 
bined avec une image provenant de ladite source 
d'image (12). . 35 

5. Systeme d'affichage selon la revendication 1 , ayant 
une deuxieme surface de diffraction (40, 42 ; 58, 59) 
qui est formee sur une lentille. 

.. 40 

6. Proc6d6 de correction des aberrations et des defor- 
mations dans I'image observed par un observateur 
(20) dans un systeme d'affichage pouvant etre 
mont6 sur la t£te> contenant une source d'image 
(12), un dispositif de combinaison d'image refte- 45 
chissant (16, 46) qui est partiellement transparent . 
de sorte que I'observateur (20) peut voir la scene 
environnante combined avec une image provenant 

de ladite source d'image (1 2), et un systdme de re- 
lais optique (24, 54) comportant plusieurs elements so 
de lentille, caracterisd par I'etape de diffraction de 
la lumiere sur un reseau de diffraction (40, 42, 58, 
59) forme\sur la surface d'au moins un el6ment.de 
lentille dudrt systeme de relais optique (24, 54). 
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